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ABSTRACT 


S.S. Jeng and Y. W. Huang (1973). 
Bull. Inst. Zool., Academia Sinica, 12(2): 


Heavy metal contents in Taiwan’s cultured fish. 
79-85. 


In order to find out whether fish around 


the waters of Taiwan are safe in heavy metal contents, 119 fish of tilapia, common carp, 
grass carp, silver carp and milkfish, and 240 oysters from the fish pond were analyzed for 
concentrations of cadmium, copper, lead, mercury, nickel and zinc. Most of the fish surveyed 
have a concentration of mercury less than 0.08 ppm, and none of them over 0.2 ppm. The 
lead level of. fish. muscle is 0.1 ppm, and 0.5 ppm for oyster. The cadmium in fish muscle: 
and oyster is 0.02 ppm and 0.2 ppm, respectively. The contents of copper, zinc and nickel 


studied are all at ordinary levels.: 


The general conclusion is that the heavy metal con- 


centrations of Taiwan's cultured fish do not appear to constitute a hazard for consumers. 


Since eating the mercury and cadmium con- 
taminated fish caused “Minamata” and “Itai-Itai” 
diseases in Japan, suspicion has been aroused 
that toxic metals contamination may be wide- 
spread. The people in Taiwan consume much 
fish in their diet, whether the fish sold in the 
market is polluted by heavy metals has attracted 
a great attention. On this island, various kinds 
of fish are reared in diverse fish ponds and along 
coastal areas. Analyzing the heavy metal contents 
of these cultured fish may give a general idea of 
fish contamination, and it may also be a good 
index ‘to know the extent of water pollution. 
This paper reports a comprehensive investigation 
of cadmium, copper, lead, mercury, nickel and 
zinc contents of tilapia, common carp, grass carp, 
silver carp, milkfish and oyster. 


MATERIALS AND METHODS 


Materials 

In order to find out the effect of different 
water sources on the contents of heavy metals, 
fish were caught directly from diverse fish ponds. 
The sampling stations, their locations and the 
nature of culture waters are shown in Table 1 
and Fig. 1, respectively. These stations are typi- 
cal fish ponds. i 


Preliminary treatment 

Fish caught were sent to the laboratory in 
a box containing ice. After measuring total length 
and total weight, the fish were eviscerated. The 
muscles of the same species of fish were grouped 
and treated as one sample. In case of large fish, 
three transverse slices, 1 inch thick: one slice 
from just back of pectoral fins, one slice halfway 
between first slice and the vent, and one slice 
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TABLE 1 
The sampling stations, types of fish ponds, and the fish caught for analyses. 


Locations of sampling stations are shown in Fig. 1. 


Fish caught 


Sampling station Fish ponds l 
, E eds 

(1) Yunling Pref. | shallow sea culture | Oyster 

CEARR =R) | 
(2 Yunlin Pref. shallow sea culture | oyster 
l CERE Bu 
(3) Chiayi Pref. shallow sea culture | oyster 

CER RA) | 
(4) Chiayi Pref. i shallow sea culture | oyster 

EE tS) 
(5 Changhua Pref. paddy field tilapia, silver carp, grass carp, common carp 

CHL THE) 
(6) Tainan Pref. | fresh water pond tilapia 

CHR 2H) 
(7) Tainan Pref. reservoir lake tilapia, silver carp, grass carp ` 

Coll BARS AKASH) 
(8) Tainan City. fresh water pond tilapia, common carp 

€ T DEED 
(9) Tainan City. brackish water pond tilapia, milkfish 

(CZEKA) fresh water pond silver carp, grass carp, common carp 


just back of the vent, were cut to respresent one 
fish as suggested by AOAC®, Viscera of the 
same species of fish were also combined as one 
sample. Likewise the edible portions of the oys- 
ter were put together as one sample. Two analy- 
ses were made for each sample, 


Ashing method and determinating the con- 
centrations of heavy metals l 
Mercury content was determined by the fla- 
meless atomic spectrophotometry with a Colemen 
MAS mercury analyzer“, Cd, Cu, Ni, Pb and 
Zn were all measured with a Varian Model 1000 
type atomic absorption spectrophotometer. Zinc 
was determined by AOAC method“. For analy- 
ses of Cd, Cu, Pb and Ni, 7g of sample was 
wet-ashed by HSO, and HNO,“, by using a 
50 ml Kjeldahl flask with the 50 ml mark posi- 
tioned at the neck of the flask. After ashing, 
the heavy metals were extracted with APDC 
(ammonium pyrrolidine-N-dithiocarbamate)-MIBK 


(methyl isobutyl ketone) by a modification of the. 


| a ee een SSD 


Fig. 1. Locations of sampling stations. 
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TABLE 2 
Heavy metal contents of Taiwan’s cultured oyster, Crassostrea gigas (Thunberg). - 


Sampling Date of catch:| NÖ- Of (Mean wt Hee Marius 
s pi Eau £ ca ; x: - ——— —— 
TRIN A A EE | Cd Cu | Hg | Ni Pb Zn 
| May 17, 1973 4 | L8 | 015 | 27.5 | | 03 | 03 78 
d^ Jul 17, 1973, j| 5 [0097 | 019 | 26.1.) -0.04.| 0.1 | 02 95 
| Aug. 17,1973 | 9 | 1.78 | 0.11 | 6.6 | 0.04 | 03 | 0.8 
| Sep. 14, 1973 & i 1.62 | 0.21 | 0.8 4i 
i i 
| May 17, 1973 | 2 | 3.05 | 0.27 | 28.1 0.3 0.4 68 
4j | Juk 17, 1973 I B 1.14 0.14 27.0 | 0.04 | 0.4 0.3 61 
4 | Aug. 17, 1973 | 8 1.76 | 0.09 | 23.8 |<0.01 | 0.2 0.5 | 
| Sep. 14, 1973 | — 30 0.93 | 0.25 | | 0.7 | 65 
: i l i | 
[— Ln F Se Sy 
.| May 17, 1973 2 3.50 | 0.19 | 33.4 | 01 | 06 | 23 
gy JU. 17,1978 | | 6 | 244 | 0.13 | 18.7 | 0.04 | 0.3 0.1 34 
ES | Aug. 17, 1973 ! 9 1.44 0.10 | 11.4 0.03. | : 0.3 0.1 
a | Sep. 14, 1973 30 1.76- | 0.2 | 0.6 37 
| May 1, 1973 15 2.27 | 0.14 | 37.9 |«0.00 | 0.6 0.2 | 7 
(A | Aug. 17, 1973 7 | 216 0.8 | 129 | 01 02 | 9. | 
Sep. 14, 1973. | — 30 355-221. | 05 33 


TABLE 3 TRE 
Heavy metal concentrations (ug/g wet tissue) of Taiwan's cultured 
tilapia, Tilapia mossambica Peters. 


Sampling station | 6 | (6) | (7) | (8) (9) 
s | | D | 
Date of catch Apr. 16, 1973 | Apr. 16, 1973 | Apr. 16, 1973| Apr. 16, 1973| Apr. 16, 1973 
No. of fish 16 12 11 12 16 
mE 16.1 18.8 15.9 -17.1 | 12.1 s 
Total length (cm) (14.0-18. 5) (17.5-20.0) 02.5-19.0) | (15.2-19.0 | (9.6-15.1) 
| T MT 81 . 10 | 83 | 90 | 34 
Total weight (g) (60-108) | 99-120 2-120 | (50-139) (20-55) 
cq muscle 0.01 0.10 0.00 — | 0.04 0.01 
viscera 0.03 0.19 | 0.07 i 0.07 0.15 
Cy muscle 0.7 1.6 0.7 | 0.5 1.0 
viscera 8.1 6.1 | 8.5 3.0 6.5 
gj, muscle 0.08 0.16 | 0.01 | 0.07 
E viscera 0.00 | 0.00 | 0.01 | 0.04 
Ni muscle 0.1 0.6 i 0.2 0.4 0.5 
viscera = 4.7 4.6 | 1.3 ! ! 3.0 7.2 
ph muscle 0.1 | 0.1 |^ «01 «0.1 
viscera 0.2 0.8 0.2 1.8 
7 muscle 11 6 18 
"^ viscera Tote t RENE: 20 
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method of Tsutsumi“. Ammonium hydroxide 
was added to the ashed solution to adjust pH to 
3 with BPB as indicator. Saturated ammonium 
sulfate solution was added to make the final 
volume of 50 ml. 
was added and shaken well. After standing for 
5 minutes, the sample solution was extracted with 
5.0 ml MIBK. Since MIBK solution was the top 
layer in the Kjeldahl flask, it could be used to 
measure the atomic absorbance of Cd, Cu, Ni 
and Pb directly. The contents of these elements 
in the sample were then determined from stan- 
dard curves. The sensitivity of the method was 
0.01 ppm of Hg, 0.1 ppm of Ni, 0.01 ppm of Pb, 
0.01 ppm of Zn in fish on a fresh weight basis. 


RESULTS AND DISCUSSION 


The results of the analyses of heavy metal ` 


Two milliliter of 2% APDC 
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concentrations of Taiwan’s cultured fish are shown 
in Tables 2 to 5, and the mean values of these 
119 fish and 240 oysters are represented in Table 
6. Based on these data, the general conclusion 
is that the heavy metal concentrations in Taiwan’s 
cultured fish investigated here do not appear to 


constitute a health hazard to the consumers. 


FAO? reported mercury and lead is the 
most toxic of all trace elements. Most of the fish 
surveyed here had a concentration of mercury | 
less than 008 ppm, and none over 0.2ppm. In 
unpolluted areas, fish has a concentration of less 
than 0.05 ppm in Sweden, less than 0.1 ppm in 
Italy, 0.1 ppm in Japan“. Therefore, the fish in 
Taiwan do not seem to be polluted by mercury. 

The Canadian Food and Drug Directorate 
has set tolerance of 10ppm for lead“. The 
muscle of Taiwan’s cultured fish contain a lead - 


TABLE 4 
Heavy metal concentrations (vg/g wet tissue) of Taiwan’s cultured common carp, - 
Cyprinus capio Linnaeus, and grass carp, Ctenopharyngodon 
idellus (Cuvier and. Valenciennes). 


Common carp grass carp 
Sampling station —— a — 
(5) (8) | (9) (7) (9) 
Date of catch Sep. 21, 1973 Sep. 21, 1973 | Sep. 21, 1973 Sep. 21, 1973 Sep. 21, 1973 
No. of fish | x 6 3 5 6 
14.8 21.9 26.2 19.1 50.0 
Total length (cm) | (155170) | (21.1-22,8) | (23.8-29.4) | (18.5-20.0) | (41.7-50.1) 
m - 49 145 36 — | 980 1130 
dota weer (36-62) (000-195) |. (233-514) | . (81-115) | (918-1350 
cq muscle 0.01 0.01 0.01 0.03 | — 0.01 
viscera 0.04 0.03 -0.01 0.11 0.01 
Cy muscle 2.7 0.9 1.2 1.3 0.9 
viscera 15.0 4.8 1.4 2.6 c 21 
H muscle 0.18 0.08 0.07 0.01 
B viscera 0.04 0.02 0.01 0.01 
Ni muscle 0.1 0.1 0.1 1.8 0.1 
! viscera 0.9 0.1 0.1 0.1 0.1 
Pb muscle | 0.1 0.2 | 0.1 0.4 0.1 
viscera | 0.1 0.6 | 0.1 1.2 0.1 
Zn muscle | 57 92 26 10 22 
viscera | 188 585 8 2E- 
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- TABLE 5 
Heavy metal concentrations (ug/g wet tissue) of Taiwan's cultured silver carp, 
Hypo estar Caley molitrix (Cuvier and Valenciennes), and 

milkfish, Chanos chanos eos 


Sampling station 
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Date of catch 
No. of fish 


Total length (cm) 
Total weight (g) 


muscle 
viscera 


muscle 
. viscera 


muscle 
viscera 


muscle 
viscera 


muscle 


b. I. 
Pb viscera 


muscle 
viscera 


Zn 


Silver carp _milkfish 
(5) (7) (9) (9) 
Sep. 21, 1973 Sep. 21, 1973 Sep. 21, 1973. -.j| | Sep. 21, 1973. 
7 6 6 6 
31.7 22.2 44.6 32.5 
(25.5~34. 8) | (20.0-25.5) (42.5-45.5) (31.4-34.2) 
330 105 990 289 
(141-464) (86-126) (880-1200) (255-338) 
0.01 0.02 0.01 0.01 
0.03 0.01 0.01 
0.7 7.4 7.0 0.5 
4.5 2.3 2.9 ` 
0.06 0.17 0.07 0.01 
0.04 0.04 0.20 
0.1 0.2 0.1 | 0:1 
2.1 1.0 0.4 
0.1 0.1 0.1 0.1 
0.1. 0.1 0.1 
6 31 15 10 
64 42 16 


TABLE 6 
Heavy metal concentrations (ug/g wet tissue) of Taiwans cultured fish. 


Cd Cu Hg 

usd 0.02 1.4 0.08 0.3 0.1 . 25 
(0.00-0.10) | (0.5-1.6) | (0.00-0.17) | (0.0-1.8) | (0.0-0.4) (6-92) 

Fish By ! 

E 0.07 5.9 0.08 2.4 0.5 46* 
3 ae WIS (0.00-0.15) | (1.4-15.0)| (0.00-0.09 | (0.1-7.2) | (0.0-2.0) | (16-64) 

Ore. edible 0.19 23.3 0.03 0.3 0.5 . 49 
y portion (0.10-0.27) | (6.6-37.9) | (0.00-0.04 | (0.1-0.6) | (0.1-0.8). (23-78) 


* Not including those values of “common “carps which had a level of 170-585 ppm. 


level of 0.1 ppm and the viscera of fish and the 

edible portion of oyster are both at 0.5 ppm level. 

The values are far bellow the permissible level. 
Cadmium is one of the most harmful heavy 


metals as it concentrates in the liver, kidney and 
certain other organs of animals and human®®. 
The fish investigated here did show a higher 
concentration of cadmium in fish viscera than in 
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muscle. But these concentrations are low com- 


pared to those of ordinary meats and sea food@), 


Oysters showed a cadmium level of 0.2 ppm which 


is 10 times higher than that of fish muscles. But all 
these concentration are lower than the permissible 


level of 1.0 ppm set by Japanese Government“. 

The concentrations of less dangerous heavy 
metals, e. g., copper, zinc and nickel of fish in- 
vestigated here were all at ordinary levels, except 


that the viscera of common carp showed a high © 
zinc concentration of 174-585 ppm. Since com- 


mon carp from paddy field, fresh water pond and 
brackish water pond all had a high content of 
zinc (Table 4) in the viscera, it is presumed that 
this concentration of zinc is nature to the com- 


mon carp. Which specific tissue is responsible - 
for this concentration of zinc and the reason for, . 


this phenomenon are being studied now. 


Besides cadmium, oyster also showed a higher. - 


level of copper, lead and zinc than fish, this 
agreeing with other reports?! that bivalve mol- 
luscs very easily absorb heavy metals from the 
environment. 
Fish from different waters seem have the 
same levels of heavy metals. This is especially 
irue of tilapia which were captured from five 
diverse fish ponds (Table 3). Because all fish 


analyzed here had ordinary levels of heavy metals, 
hence no correlation could be found between fish: 


weight and heavy metal contents. p5 

Many external factors influence the toxicity 
and absorption of metals by fish. These include 
the nature and concëntration of the metal, its va- 


lence, the form of the retal in water, the asso- © 


ciated anion, pH, time of exposure, volume of 
water, stationary or.moving water, 
dissolved oxygen, and the nature and condition 
of the fish@. There are few stationary waters 
like the bay or sound around Taiwan, this may 


be one of the reasons making it difficult for the- 


aquatic organisms and animals to accumulate 
heavy metals. 
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